Conus catus, a fish-hunting cone snail (Fig. 1A), delivers venom into its prey by means of a single-use radular tooth (Fig. 1B). The venom is composed of a potent mix of bioactive peptides that, when injected into a fish through the hollow harpoon-shaped tooth, causes tetanus of the body musculature, resulting in a rigid paralysis (1). Although peptide toxins in the venom have been extensively studied (2), the biomechanical mechanisms of tooth insertion and venom ejection have not been determined. Anatomical observations have led to the suggestion that the radular tooth is pushed into prey by muscles surrounding the proboscis lumen (3). In this paper we show that the radular tooth is not pushed directly by the muscles of the proboscis but rather is propelled by a high-speed ballistic mechanism.
Small specimens of Conus catus (Hwass, 1792; Ͻ3 cm shell length) have a translucent proboscis allowing radular tooth movements to be visualized in situ by using a combination of transmitted-light microscopy with water-immersion optics and high-speed video. Figure 1A illustrates the experimental arrangement. A fish was positioned at the end of a trough where video observations were made. The snail sought the prey by extending its proboscis down a narrow trough in a recording chamber. As the proboscis approaches the fish, hairlike sensory papillae are visible at its tip (Fig.  1C , SP in top panels). Prior to stinging prey, the radular tooth is not held at the end of the proboscis but is positioned with its point 730 ms (about half the length of the tooth) from the end of the proboscis. The tip of the proboscis then contacts the fish, sensing potential prey (Fig. 1C, second panel). The delay between the proboscis first touching the fish and tooth ejection ranged from 240 to 295 ms.
With the proboscis held stationary against the fish, the radular tooth is propelled against a constriction of the proboscis lumen (Fig. 1C , arrowheads in the third panels), presumably by pressurization of the fluid space behind the tooth. The slight movements of the radular tooth against the constriction during this "priming" step peak during the 4 -5 ms prior to release of the tooth into the fish (Fig. 2) . Priming was a consistent feature with a similar time course in 10 feeding sequences captured by high-speed video.
During the final millisecond, the radular tooth is explosively propelled into the fish (Fig. 1C , fourth panels). This release step propels the base of the tooth (Fig. 1B, asterisk) to the tip of the proboscis, where it is tightly held by a ring of muscles. The minimum velocity of the tooth during release is approximately 3 ms
Ϫ1
, but the actual time course of tooth movement is clearly faster than the maximum recording rate employed (1000 frames per second, shutter speed 1/2000). This extremely rapid event exceeds the maximum velocity (2 ms Ϫ1 ) for discharge of the cnidarian nematocyst (4) . Radular tooth release is one of the fastest known prey capture events and has a time course similar to that of the trap jaw response (0.33 to 1 ms) of the ant Odontomachus (5).
Immediately following impalement, the end of the proboscis loses its taper and swells with fluid, especially near the tip where a noticeable bulge appears (Fig. 1C, fourth  panels) . This fluid, which contains the venom peptides, enters an opening at the base of the tooth and is ejected from both the tip of the tooth and the beginning of the largest radular barb (data not shown and ref. 6, 7) . Onset of tetanus in the fish prey is seen within 50 ms of impalement.
By gripping the base of the radular tooth, the proboscis is able to retain control of the stung fish prey while retracting. The paralyzed fish is then engulfed whole, thus completing the feeding sequence. The ligament attached to the base of the radular tooth (Fig. 1C , L fourth panels) moves freely in the proboscis lumen following impalement and therefore apparently does not participate in grasping of the impaled tooth by the proboscis (see supplemental material described in the legend to Fig. 1 ). The proboscis acts as a hydrostatic skeleton that allows for coordinated movements in the absence of skeletal structures (3). It is unclear how the proboscis generates the pressure necessary to propel the tooth into prey. One possibility is that the muscles of the proboscis contract the fluid-filled lumen to generate pressure. To explore this possibility, the dimensions of extended proboscises (length 9 to 13 mm) were used to estimate the pressure necessary to accelerate the radular tooth by contraction of the proboscis muscles [minimum acceleration (3000 ms Ϫ2 ) ϫ proboscis fluid mass Ϭ tooth base surface area ϭ pressure (Pa)]. The minimum pressure necessary was estimated to be 28.2 kPa (0.278 atm). This value falls within the range of the ϳ10 to 40 kPa recorded as the intra-mantle pressure during escape jetting in the squid Loligo opalecsens (8, 9, 10) , suggesting that it would be feasible for the proboscis muscles of Conus catus to generate the necessary pressure. Although coordinated contraction of the proboscis muscles was not noted during any of the recorded feeding sequences, the radular tooth moves only 1.4 mm during the final millisecond (Fig.  2) , so these contractions may be slight. This differs considerably from escape jetting in squid in which mantle contractions are obvious because water mass within the mantle is lost as thrust. Generation of the necessary pressure within the snail's proboscis may also involve contraction of the longitudinal muscles of the proboscis, and these would be more difficult to visualize.
In addition to retaining the radular tooth prior to the release step, the constriction of the proboscis lumen may also aid in the acceleration of the tooth by releasing elastic energy as the base of the tooth passes the stretched constriction. Further analysis of the tissues in this region of the proboscis will be required to determine whether this mechanism is possible.
Conus catus has evolved an effective biomechanical means of tooth ejection based on a ballistic prime-andrelease mechanism. This mechanism probably involves contraction of the proboscis muscles to propel the radular tooth into unsuspecting prey and, in combination with a potent mix of venom peptides, makes this cone snail a highly effective predator of fast-moving prey. 
